C
ats co-occupy one third of all residences in the United States. As common household pets, they serve as sources of joy and companionship for their owners. However, feline ownership also comes with its own inherent risks, as cats can transmit an array of diseases to their owners, ranging from trivial to fatal ailments. By understanding the pathogenesis of cat-associated diseases, owners and their pets can live together with little risk of disease transmission. This article reviews cat-related diseases, with an emphasis on their prevention and management.
Arch Intern Med. 2002; 162:1945 -1952 In the United States, it is estimated that there are at least 57 million pet cats living in one third of all households. 1 Cats are a source of companionship and enjoyment to many people, but they can also transmit a wide array of diseases to humans, ranging from trivial dermatophyte infections to life-threatening conditions, such as bubonic plague. No single population is safe, as cats can cause disease from the first trimester onward. Cat-related diseases are also not uncommon. For example, more than 400000 cat bites occur in the United States each year, and these, as well as other exposures, can lead to disease. 2 Herein, we review the features of catassociated diseases, with an emphasis on prevention and management, to lower the risk of feline ownership.
CAT BITE CELLULITIS
In the United States each year, it is estimated that there are a few million animal bites, resulting in 1% of all emergency department visits. Cats inflict approximately 400 000 of these bites, representing 3% to 15% of all animal bites. 2 Almost 90% of cat bites appear to be from provoked animals, while more than 50% of dog bites result from unprovoked attacks. 3 Between 28% and 80% of cat bites are complicated by infection. 4 The normal flora of a cat's oropharynx determines the microbes responsible for an infected cat wound. Pasteurella multocida is carried by more than 90% of healthy cats and is implicated in 75% of all infected cat bites. 4, 5 Sixty percent of infected cat bites contain a mixture of aerobes and anaerobes, with a median number of 5 bacteria isolated per wound. The frequency of bacterial isolation from 57 consecutive infected cat bites 4 is shown below:
particularly dangerous, as 85% of infected cat bites are the result of punctures. 4 Other risk factors associated with cat bites becoming infected include older age of the bitten individual, longer time interval between bite and medical care, and being bitten by a pet cat. 6 Approximately 40% of cat bite infections present with a nonpurulent wound, 40% with a purulent wound, and 20% with an abscess, with lymphangitis complicating 30% of infections. 4 The management of all cat bites involves early irrigation, debridement, and assessment of tetanus status and rabies risk. Primary closure of a cat bite is not recommended initially, as many bites are deeper than they appear. Lacerations should be closed after a waiting period of at least 4 days. 7 Tetanus toxoid and immunoglobulin injections should be administered according to the guidelines of the Centers for Disease Control and Prevention, with punctures being treated as contaminated wounds. The risk of rabies transmission from cats is low, with only 3.5% of all cases of nonhuman rabies occurring in cats in 1998. 8 If immunization status is unknown and the attack is unprovoked, the cat should be quarantined for 10 days to watch for signs of bizarre behavior. If the animal dies or exhibits strange behavior, its brain should be analyzed for evidence of rabies. If a cat without known immunization history escapes after an unprovoked attack, rabies vaccine and immunoglobulin injections should be administered.
Because of the likelihood that cat bites will become infected, all persons with a cat bite should be treated with prophylactic antibiotic therapy, although, to our knowledge, no definitive study supports this practice. 9 The treatment of infected cat bites requires anunderstandingofsusceptibilitypatternsofthemostcommonbacteriaisolated. Treatment should begin empirically and wound cultures should be obtained. Pasteurella multocida is most susceptible to penicillin, ampicillin, second-or third-generation cephalosporins, doxycycline, trimethoprim-sulfamethoxazole, quinolones, azithromycin, or clarithromycin. It is poorly responsive in vivo to first-generation cephalosporins, antistaphylococcal penicillins, erythromycin, and clindamycin. 10 Anaerobes, which are involved in more than two thirds of infections, commonly produce ␤-lactamase. Thus, initial antibiotic treatment of an infected cat bite should be different from treatment of typical cellulitis. Effective antibiotics include amoxicillin-clavulanate, ampicillin-sulbactam, azithromycin, or a quinolone along with clindamycin. The recommended length of treatment is 10 to 14 days.
Complications from infected cat bites occur rarely, but can be devastating. Risk factors for hospitalization include immunosuppression, age (both very young and elderly), and, most importantly, initial use of inappropriate antibiotics. 10 Severe complications include meningitis, septic arthritis, osteomyelitis, and endocarditis.
CAT-SCRATCH DISEASE
Cat-scratch disease (CSD) is a relatively common, benign, selflimited cause of localized lymphadenitis caused by the gram-negative rod Bartonella henselae. There are approximately 22000 cases, leading to 2000 hospitalizations, each year in the United States. 11 Of these cases, typical CSD is the most common clinical manifestation, although atypical CSD occurs in 10% to 14% of patients. 12 Cats were first identified as the reservoir for B henselae in 1994, when Rochalimaea henselae was isolated from the blood of 41% of asymptomatic cats in the San Francisco Bay area, in California. 1 Since then, other studies have supported the association of cats with B henselae bacteremia. 13, 14 Cats transmit B henselae directly via a bite or a scratch or indirectly via the cat flea Ctenocephalides felis, which can bite both cats and humans. Kittens younger than 12 months represent a higher risk for disease transmission. 15 Typical CSD can present in all age groups, with a peak incidence in children 2 to 14 years of age; more than 80% of cases occur in persons younger than 21 years. 11 The highest incidence occurs in the fall and winter, when outdoor cats spend more time indoors. Typically, 3 to 10 days after inoculation, a 0.5-to 1.0-cm red-brown papule develops, followed 2 weeks later by tender, regional lymphadenopathy, which usually occurs in the epitrochlear, axillary, pectoral, or cervical lymph nodes. Solitary lymphadenitis occurs in 85% of cases.
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Fewer than 25% of typical CSD cases present with systemic symptoms, including low-grade fever and malaise. Typical CSD is self-limited and resolves within 3 months, although cases lasting up to 2 years have been reported. 11 The diagnosis of CSD is generally made clinically, with the history of cat exposure being of paramount importance. With a typical history and appearance, no further evaluation is necessary. However, if a patient is unable to provide the pertinent history, obtaining a lymph node biopsy specimen is necessary to eliminate mycobacterial infection as a cause of the lymphadenitis. On histologic examination of the specimen, B henselae can be identified with a Warthin-Starry silver stain as a small gram-negative rod in association with microabcesses or granulomas. Skin tests with purified extracts from the lymph node of a patient with CSD can aid in diagnosis but are rarely used. Culture of B henselae is difficult because of its slow growth and is therefore infrequently performed. Polymerase chain reaction and indirect immunofluorescence assays for antibodies to B henselae are predominantly used for clinical studies and are not routinely available.
Typical CSD is self-limited, and it is unclear if antibiotic therapy can alter the natural course. To our knowledge, there has only been 1 randomized, controlled, doubleblind study to assess the effects of antibiotic therapy on the course of CSD. Five days of azithromycin therapy was found to significantly decrease ultrasound-measured lymph node volume but did not affect any clinical outcome. 16 Other antibiotics that are effective in vitro include erythromycin, doxycycline, rifampin, sparfloxacin, and aminoglycosides. 17 Antibiotics are therefore not routinely prescribed for typical CSD, but are used for more severe, atypical manifestations.
Lymph node aspiration can be performed for enlarged and uncomfortable lymph nodes, but its benefit is unproved.
Prevention of CSD involves the treatment of flea-infested cats and avoidance of bites and scratches if possible. Antibiotic treatment of cats that are infected with B henselae has been proposed, but has not been adopted owing to the asymptomatic nature of the feline infection and the high prevalence of bacteremia in cats.
Atypical CSD occurs in 10% to 14% of patients infected with B henselae. The most common atypical manifestation is Parinaud oculoglandular syndrome, which was first described in 1889 by Parinaud.
Parinaud oculoglandular syndrome, which is caused by direct inoculation of B henselae into the conjunctiva, occurs in approximately 6% of patients with CSD. 18 Patients present with a unilateral nonsuppurative conjunctivitis associated with regional lymphadenitis (usually preauricular or submandibular).
Neurological complications occur in up to 2% of cases; encephalitis is the most common. Encephalitis due to CSD is rarely fatal, with two thirds of patients showing complete recovery within 4 weeks and almost universal recovery at 1 year. 19 Antibiotic therapy, though recommended, does not appear to alter the natural course. 19 Other neurological manifestations of CSD include neuroretinitis, Bell palsy, aseptic meningitis, peripheral neuropathy, and transverse myelitis.
Bartonella henselae has been shown to be the third most common cause of fever of unknown origin in children, accounting for approximately 5% of cases. 20 Endocarditis has been reported to occur on both abnormal and normal valves. 21 Pneumonia, pleural effusions, mediastinal masses, and multifocal osteomyelitis have also been reported. 12, 22 Antibiotic therapy does not appear to alter the course of osteomyelitis, and spontaneous, complete recovery is the rule. 22 Bartonella henselae has also been associated with erythema nodosum. 23 Although bacillary angiomatosis (BA) and peliosis hepatis are not usually considered in the spectrum of CSD, they represent atypical appearances of B henselae infection. A case-control study of 48 patients with either BA or peliosis hepatis showed a significant association with owning a cat and with a history of a recent cat bite, lick, or scratch. 24 Thus, these 2 manifestations can be considered atypical appearances of CSD.
Bacillary angiomatosis, which can also be caused by Bartonella quintana, typically presents in immunosuppressed patients, especially those who have acquired immunodeficiency syndrome and a CD4 cell count below 100/µL or who have undergone transplantation. Transmission of B henselae in BA occurs by the same means as in CSD. The typical clinical appearance is single or multiple red, raised, friable vascular nodules occurring throughout the skin and mucous membranes. Lesions can grow, spontaneously regress, and disseminate throughout the body to the brain, liver, spleen, bone, lungs, pleura, and peritoneum. On appearance alone, the lesions of BA can be difficult to distinguish from those of the more common Kaposi sarcoma. Thus, definitive diagnosis is required for proper management. The diagnosis can be made by histopathologic examination of the lesion, which reveals gram-negative rods on WarthinStarry silver stain within a network of proliferating blood vessels. Culture, polymerase chain reaction, and indirect immunofluorescence assay can differentiate between B henselae and B quintana but are not required for diagnosis. 25 Treatment of BA involves prolonged courses of a macrolide or tetracycline for at least 3 weeks, and usually for a few months.
Peliosis hepatis is an uncommon manifestation of disseminated B henselae infection that can occur with or without BA. Through 1996, only 42 definitive cases were reported in the literature. 26 Although peliosis hepatis is considered an acquired immunodeficiency syndromedefining opportunistic infection, approximately half of all reported cases have occurred in patients with intact immune systems. Affected patients often present with a prolonged course of fever, abdominal discomfort, weight loss, and hepatosplenomegaly. Liver failure rarely occurs, and laboratory values reveal elevated erythrocyte sedimentation rates and elevated alkaline phosphatase levels, with minimal increases in alanine or aspartate aminotransferase levels. Ultrasound examinations or computed tomographic scans reveal multiple hypodense lesions in the liver, with or without splenic involvement. Diagnosis is made by biopsy, serology, culture, or polymerase chain reaction. To our knowledge, no controlled trials have addressed the treatment of peliosis hepatis, and prolonged courses of multiple agents (usually Ͼ1 month), including erythromycin, tetracycline, rifampin, gentamicin, and trimethoprim-sulfamethoxazole, have been used. Children are usually treated with rifampin, with the addition of gentamicin or trimethoprimsulfamethoxazole to the regimen if there is inadequate response within 3 to 4 days.
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TOXOPLASMOSIS
Toxoplasma gondii is an obligate intracellular protozoan that can infect all mammals, who serve as an intermediate host. Human infection with T gondii causes a wide array of clinical manifestations, depending on the age and immune status of the affected individual. Cats are the only complete hosts in which the protozoan can undergo both sexual and asexual reproduction. Knowledge of the protozoan's life cycle and pathogenesis is necessary to understand the cat's role in disease transmission and the preventive methods that can diminish the clinical consequences.
Toxoplasmosis is common and is found throughout the world. The prevalence of T gondii infection varies from country to country and between cultures. Cultures that encourage the consumption of raw meat have a high prevalence of infection. Yearly seroconversion rates in the United States range from 1% to 2% per year, depending on the location and cultural background. 28 Ten percent to 40% of patients who are infected with the human immunodeficiency virus in the United States harbor tissue cysts, representing latent infection. Finally, there are approximately 3000 cases of congenital toxoplasmosis in the United States each year.
Toxoplasma gondii exists primarily in 3 forms during its life cycle. Oocysts are the product of sexual reproduction and are produced in the small intestine of a cat that has consumed tissue cysts containing T gondii. Oocysts are only produced for 2 weeks in the life of a cat when it first acquires infection, which is usually as a kitten. Oocysts contain infectious sporozoites. Tachyzoites represent the rapidly asexually dividing T gondii within host cells (usually macrophages) before or without an adequate immune response. Bradyzoites are slowly dividing T gondii contained by an immune response in tissue cysts.
Humans acquire toxoplasmosis predominantly by 1 of 3 mechanisms. The most common mode of acquisition is the ingestion of tissue cysts in undercooked meat. 29 Bradyzoites can be found in 8% of beef, 20% of pork, and 20% of lamb. 30 Direct ingestion of oocysts is less common and unlikely to occur from direct contact with a cat. Transplacental transmission of tachyzoites from a mother with primary infection causes fetal infection. Rare cases are attributed to transmission of tachyzoites in blood transfusions. 28 Once tissue cysts or oocysts are ingested and enzymatically degraded, the infectious bradyzoites or sporozoites are released into the intestine. They then penetrate the intestinal wall and infect macrophages. Within the macrophages, the tachyzoites rapidly divide, causing lysis of the host cell and spread of infection. Before an immune response occurs, the tachyzoites disseminate hematogenously to lymph nodes, muscle, brain, retina, myocardium, placenta, lungs, and liver. 29 After 7 to 10 days, an immune response develops and causes containment of T gondii in tissue cysts, where the protozoa can remain dormant for the life of the intermediate host.
Disease transmission from cats rarely occurs from direct contact for a number of reasons. First, as stated earlier, cats only release oocysts for approximately 2 weeks of their life, when they first acquire infection from ingesting tissue cysts. This occurs primarily in kittens that hunt outdoors. Second, once released, oocysts require 1 to 5 days to become infective. 28 
On the other hand, oocysts can survive in soil for years and are resistant to acid, alkali, and detergents. 28 The role of cats in transmission of toxoplasmosis is thus unclear. A case-control study of 252 cases of primary toxoplasmosis in pregnant women failed to reveal a significant association with any cat exposure, including having an adult cat or kitten at home, cleaning the litter, or owning a cat that actively hunts. Significant risks were found with consuming undercooked meat and with soil contact without gloves. 31 Soil contact allows oocysts, which are deposited by infected outdoor cats, to ultimately be transmitted by fecal-oral contact. A prospective study in human immunodeficiency virus-infected adults also failed to reveal any association with cat ownership or exposure. 32 In immunocompetent individuals, more than 90% of infections are asymptomatic. In symptomatic infections, the most common presentation is a mononucleosis-like syndrome with cervical lymphadenopathy, headache, malaise, low-grade fever, and fatigue. Rarely, infection is complicated by chorioretinitis, meningoencephalitis, myocarditis, or hepatitis. 28 Immunosuppressed individuals, especially those with CD4 cell counts lower than 100/µL, are prone to reactivation of latent infections. Latent infections account for up to 95% of symptomatic infections in immunocompromised individuals. 33 Reactivation can occur anywhere tissue cysts are contained but most commonly occurs in the central nervous system and presents as encephalitis. Other sites of reactivation include the lungs, heart, retina, and liver. 29 Congenital toxoplasmosis results from transplacental passage of tachyzoites from a mother with primary infection. The range of symptoms in the newborn is vast, from asymptomatic infections to miscarriage, with such neurological complications as microcephaly, hydrocephalus, seizures, and mental retardation. Asymptomatic newborns can also present with chorioretinitis up to 20 years later. 30 The diagnosis of toxoplasmosis is most commonly achieved via serologic testing. Indirect immunofluorescence assays are widely available to detect both IgG and IgM antibodies. IgM antibodies are detectable within a few days of infection, and their levels remain elevated for 2 to 3 months, whereas the levels of IgG antibodies increase 1 to 2 weeks after infection and can remain elevated indefinitely. 29 Diagnosis of primary infection requires increased titers of both antibodies. Since toxoplasmic encephalitis commonly results from reactivation of bradyzoites that are no longer contained by an immune response, elevation of IgM antibody levels is uncommon. The diagnosis of toxoplasmic encephalitis is based on clinical symptoms, evidence of prior Toxoplasma infection (elevated IgG levels), and imaging (ie, computed tomography or magnetic resonance imaging). Definitive diagnosis, which is not required to initiate treatment, requires either a brain biopsy specimen or evidence of T gondii DNA in cerebrospinal fluid via polymerase chain reaction amplification. 34 Immunocompetent individuals without severe complications require no specific treatment. Chorioretinitis is treated with pyrimethamine, sulfadiazine, leukovorin, and corticosteroids or pyrimethamine, clindamycin, leukovorin, and corticosteroids for 3 to 4 weeks. 35 Suspected cases of toxoplasmic encephalitis are treated with either of the above regimens for at least 4 to 6 weeks. Alternative regimens include azithromycin or atovaquone. Clinical and radiological response typically occurs within a few days, with 85% and 90% of patients showing improvement in 1 and 2 weeks, respectively. If a patient experiences worsening symptoms or no improvement within 2 weeks, reimaging and/or brain biopsy is required. 34 Fetal infection is treated through the mother for the duration of pregnancy, with the most common regimen consisting of pyrimethamine, sulfadiazine, leukovorin, and spiramycin. Pyrimethamine in early pregnancy is teratogenic and should be avoided in the first trimester. 30 Secondary prophylaxis with pyrimethamine, sulfadiazine, and leukovorin (or alternative regimens) is required in all human immunodefi-ciency virus-infected patients who have been successfully treated for toxoplasmic encephalitis. This practice lowers recurrence rates from 80% to 10% to 33%. 34 Primary prophylaxis is recommended in patients with acquired immunodeficiency syndrome and CD4 cell counts below 100/µL. Primary prophylaxis with trimethoprim-sulfamethoxazole or dapsone plus pyrimethamine has been shown to lower the 1-year incidence of toxoplasmic encephalitis from 18.8% to 6.2%. 36 Prevention of toxoplasmosis involves limiting contact with known routes of transmission. Since the most common mode of transmission is ingestion of tissue cysts in undercooked meat, meat should be heated to 66°C and hands should be washed thoroughly after it is handled. Also, gloves should be worn during contact with soil that is possibly contaminated with cat feces. Litter pans should be emptied daily, since oocysts require 1 to 5 days to become infective. If this is done, direct contact with cat feces during the cleaning of a litter box is an unlikely mode of transmission. However, whether pregnant women or immunosuppressed individuals should avoid changing litter is debatable. If they already have IgG antibodies to T gondii, there is no reason to avoid changing the litter. However, if they do not show evidence of prior exposure, they are susceptible to primary infection. In this situation, the risk of primary infection in the cat should be assessed. Indoor cats who eat prepackaged food are unlikely to ingest tissue cysts and thus represent a low risk for transmission. 28 On the other hand, if a cat hunts outdoors, there is a strong likelihood of primary infection at some point in the cat's life. In this situation, a pregnant women or an immunosuppressed individual should probably avoid changing the litter, even though there is no direct evidence to support this practice.
CUTANEOUS LARVA MIGRANS
Cutaneous larva migrans (CLM), also known as creeping eruption, is a pruritic skin eruption caused by either the dog or cat hookworm. Cats are responsible for infections caused by Ancylostoma braziliense, while dogs can carry either A braziliense or Ancylostoma caninum. This common infection is the most frequent dermatosis diagnosed among travelers returning from tropical countries. 37 These hookworms have a worldwide distribution, with most cases occurring in tropical climates where dogs and cats have access to moist, sandy, coastal soil. In the United States, the hookworms are endemic in the southeastern and central regions. 38 Dogs or cats that carry the hookworms deposit the larvae in their feces into the sand or soil, where the larvae can survive for several days. 39 On contact with unprotected skin, the larvae penetrate the epidermis but are contained by the basement membrane. 38 Humans are an incidental host, and the hookworms cannot complete their life cycle. Instead, the larvae remain confined within the lower epidermis and begin to migrate aimlessly. As they migrate, they release hydrolytic enzymes, a process that leads to an intense allergic and inflammatory reaction. 39 A few minutes after infection, small wheals can be noted at the site of entry, followed in a few hours by erythematous, pruritic papules. In 5 to 14 days, the characteristic serpiginous, reddened, intensely pruritic skin eruption is visible along the path of larval migration, as shown in the Figure. The larve migrate a few centimeters each day, releasing hydrolytic enzymes along their path. Since the inflammatory reaction is delayed, the skin eruption tends to be located several centimeters behind the actual location of the larvae. 40 Cutaneous larva migrans is usually selflimited, with most cases lasting a few weeks or months. However, cases lasting up to 22 months have been reported. 41 Complications of infection are most commonly a result of bacterial infection caused by scratching. 39 Eosinophilia of more than 7% of the total leukocyte count was reported in 20% of cases in one series. 42 Visceral migration of A caninum has been reported, leading to eosinophilic inflammation of the gut. 43 The diagnosis of CLM is based on clinical appearance and history consistent with probable exposure.
Biopsy specimens of the skin lesion usually do not contain the larvae, because the larvae are located a few centimeters past their tract.
Treatment of CLM is not required but is usually recommended to manage intense pruritis and to lower the risk of bacterial superinfection. Topical thiabendazole applied 2 to 3 times a day for 5 days has a cure rate of 98%. 40 This treatment is devoid of systemic adverse effects, which limit the use of oral thiabendazole. Single 12-mg doses of ivermectin are effective for multiple lesions. 40 Cryotherapy is ineffective because the larvae are not located within the tract.
Since the most common mode of acquisition of CLM is direct contact with larvae on coastal soil, banning dogs or cats from beaches should lower the risk of infection. In a survey of 140 travelers returning from Barbados, 90% reported seeing cats on the beach. Also, never or rarely wearing footwear was associated with a significant increased risk of CLM. 44 Therefore, during a trip to tropical areas, the risk of acquiring this infection can probably be lowered by wearing footwear on the beach. Finally, deworming of cats and dogs should lower the risk of transmission.
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VISCERAL LARVA MIGRANS
Aberrant migration of the dog or cat roundworm through the viscera of incidental human hosts causes visceral larva migrans, a far more serious infection than CLM. Most human infections are caused by the dog roundworm, Toxocara canis, not by the cat roundworm, Toxocara cati, possibly because cats are more fastidious than dogs in covering up their feces, thereby limiting exposure. 46 Visceral larva migrans primarily develops in children, with most cases occurring before the age of 5 years, coinciding with the peak incidence of pica in children. Ocular larva migrans, owing to its prolonged migration, typically occurs in older children, between the ages of 5 and 10 years. 47 A dog or cat with Toxocara worms in its intestine releases eggs with its feces into sand or soil. The eggs then require a minimum of 2 weeks under ideal moisture and temperature conditions to develop into infective eggs. 46 Thus, as is the case with toxoplasmosis, direct contact with an infected animal is an unlikely source of infection. Through fecal-oral transmission after contact with contaminated sand or soil, infective eggs are ingested. Ingestion of undercooked liver and other meats from infected animals can also lead to human infection. 45 In the human stomach, the eggs hatch and release infective larvae. The larvae then migrate through the wall of the small intestine and into the bloodstream. As in CLM, humans are accidental hosts and Toxocara is unable to complete its life cycle. Instead, larvae wander aimlessly and can invade any organ, including the liver, muscle, lungs, retina, central nervous system, and skin. Clinical symptoms due to larval migration result primarily from allergic and inflammatory responses. 46 Migration into the retina may result in ocular larva migrans.
Symptoms of visceral larva migrans are nonspecific and a consequence of the inflammatory response to Toxocara. Asymptomatic infections commonly occur, with up to one third of adults showing serologic evidence of prior exposure. 48 Typical symptoms include fever, malaise, myalgias, cough, and vague abdominal discomfort, with hepatomegaly on examination. Allergic symptoms, including urticaria and wheezing, are common. Systemic eosinophilia and hypergammaglobulinemia are common laboratory findings. Uncomplicated cases are selflimited, lasting a few months. Severe complications, including hypereosinophilia, 49 liver abscess, 50 eosinophilic meningoencephalitis, 46 myocarditis, 51 pericardial tamponade, 52 and eosinophilic pleural effusion, occur less often. 53 Ocular larva migrans typically presents with unilateral diminished visual acuity with or without strabismus. 47 Owing to the nonspecific nature of symptoms, a high clinical index of suspicion is essential in the diagnosis of visceral larva migrans. Any child with unexplained fever, vague abdominal discomfort, and eosinophilia should be investigated for infection with Toxocara. Diagnosis is typically made by enzyme-linked immunosorbent assay to detect Toxocara antibodies. This assay has a reported sensitivity of 78% and a specificity of 92%. 47 Ocular larva migrans is diagnosed on funduscopic examination, as the sensitivity of enzyme-linked immunosorbent assay is low given the diminished immune response.
Treatment is warranted in severe cases or in cases with any involvement of the central nervous system, heart, or retina. No studies comparing treatments are available, to our knowledge, but most antihelminthics, including albendazole, mebendazole, diethylcarbamazine, and ivermectin, have been used successfully. 46 Treatment is generally continued for a few weeks. Corticosteroids can be added to the treatment regimen to diminish hypersensitivity reactions to dying larvae. Ocular larva migrans can be treated with laser photocoagulation and either local or systemic steroids. 46 Prevention of visceral larva migrans involves avoidance of the 2 known means of acquisition. Washing hands after handling soil or sand in areas where dogs or cats live will likely decrease the risk of fecal-oral transmission. Covering public sandboxes with vinyl sheets at night and on rainy days was also shown to significantly reduce Toxocara contamination. 54 Finally, thoroughly cooking liver will lower the risk of ingesting infective larva.
OTHER CAT-ASSOCIATED DISEASES
Cats are known to harbor numerous intestinal microbes that can cause human enteritis. A survey of enteric zoonotic organisms has shown that 1% of cats carry Salmonella typhimurium, with or without diarrhea. 55 Multidrug-resistant S typhimurium has been reported to occur in domestic cats and can continue to be shed for prolonged periods after recovery from the acute illness. 56, 57 Thus, because there is potential for human infection to be acquired from cats, adherence to hand washing and keeping cats away from food preparation would be expected to diminish transmission.
Yersinia enterocolitica and Yersinia pseudotuberculosis are both acquired through fecal-oral transmission from infected food or water sources. Though not quantified, infection from domestic cats is possible given their role as a natural reservoir. 17 Cases of pseudotuberculosis have been linked to indirect contact with infected stray cats. 58 Giardia is carried by 2% to 3% of cats; most cases are seen in cats with diarrhea. 55 No definitive relationship has been established between feline and human cases, although strong evidence from genetic analysis points to a likely zoonotic association. 59 The strongest evidence for enteric transmission from cats to humans exists with Campylobacter enteritis. One percent of cats surveyed were found to carry Campylobacter jejuni, with or without diarrhea. 55 A case-control study of 218 patients with C enteritis revealed an increased risk associated with contact with any animal with diarrhea 1 week before illness. Most cases were from dogs, but no single animal was associated with an increased risk by itself. 60 Another case-control study involving 45 patients showed an increased risk after contact with a cat or kitten 1 week before illness. 61 Cryptosporidium parvum is carried by almost 5% of cats, with or without symptoms. 55 Given the high prevalence in cats, one would expect direct transmission from cats to occur. However, no increased risk with feline contact was shown in a case-control study of 48 patients with acquired immunodeficiency syndrome. 62 Thus, the role of cats in human cases of cryptosporidiosis is unclear. In all suspected cases of cat-associated diarrhea, simple preventive methods such as veterinary care and hand washing should lower the risk of human infection.
There are several other diseases that can be attributed to contact with cats in rare cases. Human infection with Francisella tularensis most commonly occurs from contact with infected rabbits or transmission via a tick vector. However, direct transmission from cats has been reported in approximately 50 cases since 1928. 63 Cats likely acquire the bacteria from eating infected rabbits or rodents. Although most infected cats are asymptomatic, they can transmit the infection to humans via a bite or scratch. The most common form of tularemia acquired from cats is ulceroglandular, occurring in the upper extremity in more than 80% of cases. Also, pneumonia has been reported to complicate more than 25% of cases. Though rare, this diagnosis should be considered in patients suspected to have cat bite cellulitis or CSD who do not respond to initial treatment or who appear toxic. Diagnosis involves detection of an immune response with indirect immunofluorescence assay or culture. Effective treatments include streptomycin or aminoglycosides.
Of the 297 cases of human plague reported in the United States between 1977 and 1998, 7.7% were attributed to cat transmission. 64 Cats likely acquire infection from flea bites or from eating infected rodents. The mode of transmission from cats to humans is unclear, with only 8 of 23 cases documenting a cat bite or scratch. In contrast to cats infected with tularemia, cats infected with Yersinia pestis are severely ill. The most common form of plague transmitted is bubonic plague. Catassociated human plague differs from other forms of plague because of a predominance of axillary buboes and higher rate of primary pneumonic plague. Diagnosis is made with culture of either buboes or blood, and treatment involves streptomycin, gentamicin, tetracycline, or chloramphenicol.
Q fever due to Coxiella burnetii has been reported to occur from exposure to parturient cats. 65 The true incidence of cat transmission is difficult to determine because the disease is likely to be underdiagnosed. A review of 80 patients hospitalized with confirmed Q fever revealed cat contact in approximately 6% of cases. 66 Suspected cases can be diagnosed by detection of antibodies to the phase II antigen with either indirect immunofluorescence assay or enzyme-linked immunosorbent assay. Treatment consists of either doxycycline or a quinolone.
Cases of psittacosis due to feline Chlamydia psittaci have been reported, accounting for either conjunctivitis or pneumonia. 67 Specific serologic tests can identify a unique form of feline C psittaci that can be differentiated from the more common avian C psittaci.
Various dermatologic infections can be transmitted from cats to humans. Dermatophytes, including Microsporum canis, can be transmitted from the coat of symptomatic or asymptomatic cats and can cause tinea infections. 17 Cats with sporotrichosis skin lesions can transmit the fungus to humans via direct contact. 68 Cat fleas (C felis) or cat mites (Cheyletiella blakei) can cause either infestation or localized dermatitis. 17 Also, cat fleas can act as a vector for the transmission of B henselae or Yersinia pestis.
Transmission of tuberculosis from cats has been postulated but never proved. Also, cats are inherently resistant to Mycobacterium tuberculosis and thus are unlikely to represent a reservoir for infection. 69 One case report of the simultaneous occurrence of spongiform encephalopathy in a cat and its owner has been reported, but, to our knowledge, no conclusive evidence for direct transmission exists.
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CONCLUSIONS
There are many diseases that can be linked to transmission from cats. Many diseases are more likely to be encountered by outdoor cats that can acquire infections from hunting. Indoor cats are less likely to be sources of human infections. Simple preventive measures, such as washing hands before eating, using gloves when gardening, changing the litter daily, and thoroughly cooking all meat, can reduce the risk of acquiring disease from a cat. Also, routine veterinary care, including appropriate vaccinations, deworming, and care for sick animals, should reduce the risk of disease transmission. Cats should not be thought of as vectors for disease transmission, but as sources of joy and companionship for their owners.
Accepted for publication February 6, 2002 .
Corresponding 
